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In a previous study, an increased reaction to
iontophoretieally administered epinephrine and
norepinephrine was found in patients with
atopie dermatitis (1). This could be explained as
an increased sensitivity to the drugs and/or an
increased amount of catecholamines available
at the effeetor organ. The latter might be associ-
ated with a decreased affinity of epinephrine and
norepinephrine for the tissues during ionto-
phoresis. In order to establish the extent by
which the catecholamines are bound in the skin
after they have been introduced by iontophoresis,
we tried to release them from the tissues by the
iontophoretic administration of a proteolytie
enzyme. In preliminary experiments, it was
found that in normal subjects, the introduction
of trypsin with electric current produced a
blanching which was sharply limited to areas
previously treated with norepinephrine. In some
cases the blanching could be provoked eight
days after the norepinephrine. This was an
unexpected finding because circulating eateehol-
amines are destroyed in a matter of seconds
(2, 3, 4). However, in comparable experiments in
five patients with atopie dermatitis, as soon as
one day after a norepinephrine administration,
blanching could not be provoked by trypsin. To
ascertain whether this was a pathognomonie
feature of atopie dermatitis, more experiments
were performed. Further, we have extended our
studies on this phenomenon as it occurs in
normals.
METHOn5
Material
The iontophoretic apparatus, material and the
experimental procedure for administration of
epinephrine and norepinephrine has been de-
scribed earlier (1). It should be emphasized that
only grossly normal skin was utilized.
Procedure
Trypsin was introduced with electric current
into the same area, at different time intervals
after blanching from the cpincphrine or norepi-
ncphrine iontophorcsis had subsided. The enzyme
(crystallized lyopbilizcd trypsin; Worthington
Biochemicals Corp., Freehold, N.J.) was dissolved
before use in columnar distilled water in a dilu-
tion of 1/50,000. It was administered by a standard
iontophoretic apparatus and a current of 3 mA
was used for 4 minutes. The anode consisted of a
unicellular chamber (6.5 x 2.5 x 1 cm) with a
6.5 x 2.5 em platinum plate electrode 1 cm above
the skin. The anode thus covered the whole pre-
viously tested area. It was fastened to the arm by
rubber bands, and then filled with the trypsin
solution. The cathode was the same as the one
used earlier (1).
RESULTS
Introduction of Trypsin with Electric Current into
Catecholamine Pretreated Areas in Normals
and Patients with Eczema and Psoriasis
In 32 subjects pretreated with norepinephrine
on normal-appearing skin, blanching limited to
the pretreated areas could be produced by
"iontophoresis" of trypsin during the following
three days. In some eases tested, this blanching
could be provoked up to 8 days after norepi-
nephrine iontophoresis. Similar results were
found in 38 subjects treated with epinephrine.
All showed blanching by "iontophorcsis" of
trypsin, 24 and 48 hours after epinephrine
iontophoresis. On the third day, 6 patients
showed no reaction. There was no difference
between normals and patients with psoriasis
and eczema. Generally, it was found that when
blanching occurred to low doses (= currents)
of epinephrine or norepinephrine, it was followed
by blanching to trypsin over these areas. Where
no reaction had occurred to the cateeholamines,
with low doses, it could usually not be produced
by trypsin.
The blanching of the pretreated skin after
trypsin was maximal after 5 minutes. It then
gradually disappeared, beginning over areas
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which had obtained the lowest doses and after
20—40 minutes nsnally no blanching could be
observed.
The trypsin tiontophoresis in most cases
produced a reddening of the skin area not pre-
treated, which generally disappeared within 5
to 10 minutes. Itching was experienced in some
cases but no accurate data have been collected
on this matter. The blanching represented a
true whitening of the skin and not just a contrast
to the reddened trypsin-treated areas. In several
patients, the blanched areas were cooler to the
touch than the surrounding normal skin.
Introduction of Trypsin with Electric Current
in Patients with Atopic Dermatitis
Fifteen eases of atopic dermatitis were tested
on apparently normal skin in the same way as
described above. They all showed a strong initial
reaction to both epinephrine and norepinephrine.
Three hours after the initial reaction had sub-
sided, two of four patients tested showed no
blanching to trypsin. On the following day,
eleven of the fifteen patients tested showed no
blanching to trypsin. On the second day, thirteen
patients showed no blanching reaction over the
eatecholamine-treated areas. On the third day,
a faint blanching could be produced by trypsin
in one patient in areas where epinephrine had
initially been introduced with currents from
320—1280 MA. The trypsin "iontophoresis"
caused a red or violet tint in 7 of the patients;
a slight diffuse blanching in 4 patients and no
visible reaction in 4 others. Inability to visualize
blanching in most of the atopic patients was not
due to lack of contrast, since the blanching did
not develope in patients who reacted with a
reddening to trypsin.
Most of the patients with atopie dermatitis
spontaneously experienced pruritus. Arthur and
Shelley (5) have earlier described that itch can
be produced in atopie dermatitis by injection of
trypsin in very low concentrations.
Water and Saline Iontophoresis*
There is no evidence, other than the reactions
obtained, that trypsin really is introduced into
* It must be emphasized that in these experi-
ments where the chamber is applied to the skin for
4 minutes, the distilled water becomes contami-
nated with ions from the skin. However, the term
water and trypsin "iontophoresis" has been
maintained in the following discussion.
the skin by electric current. Experiments were
therefore performed in which the effect of trypsin
was compared to the effect of distilled water
alone. Ten subjects were tested with norepine-
phrine and during the following days the
blanching effect of trypsin was compared with
that of water iontophoresis in the same person.
It was found that distilled water alone was able
to produce the blanching reaction in the catechol-
amine-treated areas, but usually not to the same
extent as with trypsin. In six subjects, trypsin
blanching could first be seen in an area pretreated
with norepinephrine with a mean current of 162
MA. With distilled water the blanching could be
seen in an area pretreated with 197 MA. In four
subjects, no blanching was found with water
where blanching to trypsin was seen at an area
pretreated with a mean current of 260 MA.
From this, it seems that a proteolytic effect is
not always necessary for the production of
blanching. It can, however, not be excluded
that "iontophoresis" of water, which often
caused a reddening, liberates proteolytic en-
zymes in the tissue.
The effect of iontophoresis of physiological
saline was compared to the effect of water in
norepinephrine treated skin areas of 12 subjects.
Two subjects reacted neither to saline nor water,
but to a subsequent iontophoresis of trypsin.
In four cases, no reaction was obtained by saline
where water showed a reaction in an area pre-
treated with a mean current of 193 MA. In the
other 6 cases, the saline caused markedly less
blanching than distilled water (458 resp. 193
MA). The fact that no reaction or diminished
reaction was obtained in the saline iontophoretic
experiments might be explained by the sodium
ions which, in this case, take care of most of the
current.
The Effect of Stripping with Tape on the
Trypsin Blanching
The next question was where in the skin the
epinephrine and norepinephrine are located after
iontophoresis. It cannot be on the surface, since
this was carefully washed and no reaction could
be seen under the control anode. To find out to
what extent the catecholamines were located in
the corneal layer, experiments were performed
in which this layer was partly removed by
stripping 18 times with Scotch tape, 6 hours
after the epinephrine and norepinephrine treat-
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ment. Comparison was made with a non-stripped
area in the same subject. The test was per-
formed in 23 normal and psoriatic persons. The
mean current of the anode area the standard
error of the mean in which a trypsin-produced
blanching first appeared the following day, was
165 16 pA on the normal skin, and 613
44 pA on the stripped area. Thus a part of the
eatecholamines is bound in the stratum corneum
and the rest in the deeper skin layers.
Effect of Sweating
To study the influence of sweating, 3 normals
were placed in a room at 850 C. to obtain profuse
sweating after norepinephrine pretreatment.
All subjects showed a blanching reaction after 3
days to trypsin on both epinephrine and nor-
epinephrine-treated areas. This indicated that
the eateeholamines are not stored within the
sweat.
Iontophoresis into the Palms
If the sebaceous glands are the site of storage
of the catecholamines it should be impossible
to elicit the reaction in the skin of the palms
where those glands are lacking. In three normal
subjects iontophoresis of epinephrine produced
blanching of the palmar skin which was weaker
and of shorter duration than that of the arm.
We were not able to provoke the blanching by
trypsin 2 days later. The iontophoretic chamber
used was, however, too large for determination of
sensitivity. Further experiments are in progress
with a modified technic to ascertain the role
of the sebaeeous glands.
The Influence of Edema on the Blanching
Reaction
In patients with atopie dermatitis, the presence
of edema has been suggested in the unaffected
skin (6, 7) though no increased amount of water
has been demonstrated (8). To test the influence
of edema, the following experiments were per-
formed:
Immediately after epinephrine and nor-
epinephrine iontophoresis, these areas in 10
normals, were exposed to a high dose of ultra-
violet light (wave length 300—320 mp during 4
minutes). A strong erythemal reaction with
edema appeared in all within 3 hours and per-
sisted for more than 2 days. The day after
irradiation, the areas of epinephrine and nor-
epinephrine iontophoresis could be seen as still
more reddened marks in the areas of highest
drug doses. The "iontophoresis" of trypsin or
water during the following days produced in all
eases a marked blanching, sharply limited to the
eateeholamine-treated areas. The blanching was
not only a contrast effect to the red surrounding
skin but was lighter than the normal skin.
Since the eateeholamines might be fixed in
the tissues before the erythema had developed,
3 subjects were irradiated one day before the
iontophoresis of norepinephrine. Norepinephrine
iontophoresis produced blanching of the red
skin area. A fading out of the blanching from
the treated areas could be seen after some
minutes. This was probably due to the edema
present. The following day, "iontophoresis" with
distilled water was performed. A marked blanch-
ing appeared in the pretreated areas and to some
extent, also where the fading out had been
observed.
One patient with severe, generalized psoriatie
erythroderma, who had developed edema and
"full moon face" due to prolonged high doses of
eorticosteroids was also studied. This patient
developed on the red and edematous skin, a
blanching to epinephrine and norepinephrine
with a dose of 360 MA. However, no blanching
reaction could be observed to trypsin "ionto-
phoresis" the following day. This is the only
patient tested, excluding those with atopic
dermatitis in which blanching could not be
produced by trypsin the following day. If the
lack of blanching effect in this patient is due to
edema, it indicates that the edema produced by
ultraviolet light is different and strengthens the
danger of generalizing when speaking of edema.
However, the effect might not necessarily be
related to his edema, but can be part of his
disease of the therapy with high doses of eorti-
eosteroids.
The Effect of Compound 48/80 and Mecholyl
on the Catecholamine-Treated Skin
Meeholyl, when introduced by iontophoresis,
causes reddening of the treated skin area, and
the histamine liberator compound 48/80 produces
an urticarial reaction. It was thought of interest
to see to what extent epinephrine and nor-
epinephrine pretreatment would influence these
reactions. In 12 normals, epinephrine and
norepinephrine were introduced iontophoretieally
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in each arm. The following day, mecholyl chloride
(100 pg/ml dissolved in distilled water) was
introduced in 6 subjects and compound 48/80
(100 g/ml in distilled water) in 6 subjects.
Mecholyl caused a red coloration of the skin in
all cases, in which the areas pretreated with
epinephrine and norepinephrine immediately
were visible as clearly circumscribed white
zones. After 5—10 minutes, red spots appeared
in these blanched areas, and after about 10—20
minutes, the blanching had disappeared, and the
whole area was red.
Compound 48/80 also produced a red skin in
which the blanched areas appeared as hollows
in the surrounding elevated urticaria. Where
the lower doses of catecholamines had been
introduced, the blanched areas were within
some minutes replaced by urticaria. The areas
which had received stronger doses of catechol-
amines usually remained as blanched areas until
the urticarial reaction from 48/80 had dis-
appeared after about 30 minutes.
Repeated "Iontophoresis" of Trypsin
To investigate whether it might be possible
to lessen the blanching reaction in cateeholamine-
treated areas by repeated trypsin "iontophoresis,"
the following experiments were performed:
Four subjects were tested with epinephrine and
norepinephrine on each arm. When the reaction
had subsided, trypsin "iontophoresis" was
performed. The trypsin "iontophoresis" was
repeated 3 times at about 1 to 2 hour intervals.
About the same blanching reaction was obtained
for each trypsin treatment. The following day,
3 more trypsin "iontophoretic" treatments were
made. The same degree of blanching was obtained
each time as the foregoing day.
niscussion
The finding that epinephrine and norepi-
nephrine introduced by iontophoresis can be
stored in normal skin for several days, and that
they can be activated by "iontophoresis" of
distilled water or trypsin, arouses the question
of where and how the catecholamines are stored
in the skin. Concerning the storage and release
of catecholamines in general, the reader is
referred to reviews by von Euler (2, 3) and
Hagen (4). Little, however, seems to be known
about their behavior in the skin.
Ports of entrance of iontophoretically ad-
ministered substances might be either directly
through the epidermis or through the sweat
and the sebaceous glands. It is not known,
however, whether these glands have cells which
can store catecholamines. The catecholamines
are apparently not stored in the sweat, since,
then, profuse sweating would have diminished
the blanching of the skin. One possibility to
explain the storage of the catecholamines would
be that they are stored in the sebum or the
sebaceous glands, and gradually released to the
skin surface. Our experiments performed on the
palms seem to indicate that the sebaceous glands
are of essential importance for the storage of the
catecholamines. It seems likely that they are
present both in sebum and the sebaceous glands.
The storage place, however, is probably in the
gland itself and not in the sebum which is swept
away after a few hours (9).
Burn and Rand (10) have recently shown that
in the post-ganglionic sympathetic nerve endings,
there is a mechanism for taking up circulating
norepinephrine as well as for releasing it. The
physiologically-occurring norepinephrine of
sympathetic nerve fibers has been found within
chromaffin granules in the nerve terminations
(11). Specific chromaffin cells have also been
demonstrated in the skin in close contact with
the non-myelinated nerves as well as the smooth
muscle of the vessel walls of the skin which have
been postulated to be the store of cateeholamines
(11, 12). Whether or not chromaffin cells and/or
the nerve endings might be responsible for the
storage of iontophoretieally introduced nor-
epinephrine remains to be shown. The finding
that stripping of the stratum eorneum with
adhesive tape produced this trypsin reaction is
not contradictory to such a possibility since this
layer might well contain discarded nerve endings
having the capacity of binding eatecholamines
to some extent.
Both epinephrine and norepinephrine have
been demonstrated in chromaffin granules of the
adrenal medulla. These granules have charac-
teristics similar to those in the sympathetic
nerve endings. They are stable in isotonic
solution but release their amines in hypotonie
solution (13). The release of eateeholamines in
the experiments with water and trypsin may
perhaps be explained by a similar mechanism.
In most patients with atopie dermatitis, no
blanching could be produced 3 days after ionto-
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phoresis of epinephrine and norepinephrine. This
indicates that no amines are stored in atopic
skin and that they are not released by trypsin
"iontophoresis." Edema caused by ultraviolet
light did not prevent the storage of catechol-
amines in normal skin. The absence of blanch-
ing after trypsin in atopics is therefore not due
to a simple washing away with the supposed
edema. The amount of catecholamines released
by trypsin was sufficient to produce vascular
contraction in skin reddened by ultraviolet
light, mecholyl or compound 48/80. This does
not support earlier conclusions that paralysis of
precapillary sphincters makes contraction of
vessels impossible (14). They are in accordance
with the recent observations by Stoughton et al
(15) who found a vasoconstriction effect of
epinephrine and norepinephrine in acute in-
flammatory dermatosis.
SUMMARY
Apparently normal skin from the forearm was
pretreated with different doses of cpinephrine
and norepinephrine administered by ionto-
phoresis. On the following days trypsin was
introduced with electric current over the pre-
treated spots. In normal subjects as well as in
patients with eczema and psoriasis, trypsin
produced a blanching sharply limited to the
area treated with catecholamines 2 days pre-
viously. In some subjects a release of stored
catecholamines was obtained by trypsin 8 days
after catecholamine pretreatment. The blanching
was more intense and of greater duration in
areas where the higher doses of catecholamines
had been introduced. In patients with atopic
dermatitis a strong blanching was obtained by
treatment with epinephrine and norepinephrine.
However no blanching could be elicited by
trypsin 2 days later in 12 of these 15 patients.
The blanching of previously pretreated areas
could often be elicited by "iontophoresis" with
distilled water, and less often with physiological
saline. Removal of the stratum corneum with
adhesive tape decreased the blanching to some
extent. Erytbcma and edema produced by
ultraviolet light did not affect the blanching
produced by trypsin. lontophoresis of mecholyl-
chloride or compound 48/80 also produced
blanching of previously pretreated areas. Here
the areas pretreated with epincphrine or nor-
epincphrinc appeared as blanched spots in the
reddened skin. Neither repeated washing of the
skin nor profuse sweating could abolish the
blanching. The possible mechanisms for storage
of iontophoretically administered catccholamines
during several days arc discussed.
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